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Introduction
The effect of maternal psychiatric disorders on their offspring's mental health is well documented (1, 2) . It has been established that children of parents with psychiatric disorders are at a higher risk of developing a range of emotional, behavioural, cognitive and social difficulties (3) . In particular, recent large population-based studies have highlighted an increase in the prevalence of mental health disorders in children with parental history of a psychiatric disorder (4, 5) . This may be both due to genetic factors and factors associated with the environment (6) . Despite this evidence, the effect of maternal eating disorders (ED) on their offspring general psychopathology has been less studied.
The large majority of research on the effect of maternal eating disorders on children has focused on the early years of child development, when formal psychopathology is rare (7) . Case series have reported psychological disturbance in areas independent of eating in the offspring of mothers with ED, such as emotional, speech (8, 9) , behavioural problems (10) and general psychopathology (11) . However, these findings rely on small clinical samples and therefore might be biased. Two recent studies (12, 13) using data from a large population-based study, the Avon Longitudinal Study of Parents And Children (ALSPAC) investigated the effect of maternal eating disorders on childhood psychopathology at three and a half years (12) and in late childhood and early adolescence (13) . Children of women with eating disorders, both anorexia and bulimia, had a higher risk of developing psychopathology in infancy (at 3 and 1/2 years) than unexposed children. These children also had higher prevalence of psychiatric disorders in late childhood (age 10 years) (13) . Recent research has also found that children of mothers with ED show differences in cognitive performance compared to healthy children, such as difficulties with social understanding, visualmotor planning and abstract reasoning (14) . However, less is known about early childhood (ages 5-7), when children start formal education, leading to new demands on cognitive and social functioning and potential difficulties becoming more prominent.
Another main focus in previous research has been the effect of maternal eating disorders on mother-child bond and parenting (15) , because of the effect that ED has on everyday functioning. Parental eating disorders are likely to adversely affect one's ability to care for a child (16) , and studies have indeed shown that eating-based psychopathology is related to parenting difficulties. Studies on mother-child relationship have mostly focused on interactions during meal times in small clinical samples (17) . However, not much attention has been given to understanding mother-child relationship irrespective of eating situations (which can cause more distress for mothers). In fact, research has shown that mothers with ED report that their ED symptomatology interferes with their general parenting practice (18) . Therefore, clarifying the associations between maternal ED and parenting can help develop adequate intervention and prevention strategies.
Aims of the study
Based on the gaps in the literature identified above and the need for replication of results (19) , we aimed to investigate the effect of maternal eating disorders on children's psychopathology as measured by the Strengths and Difficulties Questionnaire at 7 years of age, which measures levels of conduct, emotional, hyperactivity, social problems and overall psychopathology (although not eating disorder psychopathology). We also studied whether maternal eating disorders predicted early child development: motor, cognitive and language; as well as mother-child difficulties and child difficult temperament at 18 months. Based on previous findings on gender differences in past studies in children of mothers with eating disorders (ED), we focused on specific differences stratified by gender. We also aimed to explore whether child temperament might be a mediator in the associations between maternal eating disorders and child psychopathology.
Material and methods

Participants
The Danish National Birth Cohort (DNBC) is a longitudinal population study established to explore foetal growth, early life and its determinants (20) . Between 1996 and 2002, 101 042 women consented to take part in the study; 92 892 pregnant women were eligible after participating in the initial telephone interview at 12-16 weeks gestation. Women with multiple pregnancies were included. Information was collected using computerized telephone interviews, which occurred at four different time points: at 12 and 30 weeks gestation and at 6 and 18 months postnatal and a follow-up at 7 years old (21) . For more information on the cohort, refer to www.DNBC.dk.
Maternal eating disorder (ED) (predictor)
Data on the main predictor (maternal ED) were obtained by interview (around 12-week gestation) (N = 83 820). Women were asked whether they had ever suffered from anorexia or bulimia nervosa (BN) (22) . These women were grouped into the following exposure groups for lifetime (at any point in their life) disorder: lifetime bulimia nervosa (BN) (N = 1751, 2.1%) and lifetime anorexia nervosa (AN) (N = 1673, 2.0%). Women who answered yes to having ever suffered from both disorders were included as a separate exposure group (N = 658, 0.8%), given previous evidence from Micali et al. (23) that this group differs from the other two. Women with no history of ED were classified as unexposed (N = 79 738, 95.1%).
Outcomes (18 months)
Developmental milestones. In the 18-month interview, mothers answered 11 questions pertaining to delays in their infant's milestones. Five questions pertaining to motor development delays (two assessed age for sitting and standing up and three assessed whether the infant could climb stairs, remove his/her socks and shoes and drink from a cup or glass by himself/herself). Six cognitive and language development questions were also asked (24) . A developmental delay summary score for motor (0-5 points) and cognitive/language (0-6 points) development was calculated. Consistent with previous studies (24) , to summarize motor, cognitive and language milestones, we defined as 'delayed' those infants whose scores for motor or cognitive/language development corresponded to the highest 5% of all infants for each of the 2 summary measures (motor delay and cognitive/language delay). This cut-offs have been used previously in the DNBC cohort (24) .
Child temperament. Mothers were asked to indicate the frequency of a set of child characteristics. Whether the child was restless in his/her sleep, whether he/she was more or less active than other children, whether he/she was a happy child and whether he/she was cautious and guarded. A summary score was obtained by adding the responses to three set of questions. Higher scores indicated a more difficult temperament. The scale was not normally distributed and could not be normalized therefore scores were dichotomized using the top 10% as indicating difficult temperament. The dichotomized variable was used in all analyses.
Looking after the child. Mothers were asked one question on how difficult it had been to take care of the child since he/she was born, when the study children were 18 months old. The variable was coded as categorical (1 = very easy, 2 = fairly easy, 3 = difficult, 4 = very difficult). Higher scores in the variable are associated with more difficulties.
Outcomes (at 7 years of age) Psychopathology. A total of 57 282 (63% of those originally enrolled) women completed the SDQ (25) when the child was 7 years of age. The SDQ is a brief 25-item questionnaire, validated to assess psychopathology in children and adolescents (25) ; it has been validated in children across four large Danish cohorts, supporting its use in the Danish population [reliability (chronbach's a: 0.75-0.88)] (26) . The reliability and validity of the SDQ makes it a useful short measure of psychopathology in children and adolescents (27) , and all scales are associated with the relevant DSM-IV diagnoses (27) . Furthermore, the SDQ algorithm capitalizes on the high level of detection of comorbidities, a well-recognized feature of child psychopathology (28) . The SDQ is completed by parents about their child's behaviour in the past 6 months and comprises five different subscales (emotional, conduct, hyperactivity/inattention, pro-social and peer relations) as well as a total scale. The responses for each item are coded in a 3-point Likert scale (not true, somewhat true, certainly true). We used recognized cut-offs for the SDQ (which roughly correspond to 80% of children: 'normal' range, 10%: borderline range and 10%: clinical range), commonly used in clinical practice. The specific cut-off scores used were developed by Niclasen in 2012 based on a sample of almost 60 000 Danish children and are used to identify the 20% of the sample with the highest problem scores (http:// www.sdqinfo.com/norms/SDQ_Danish_cut_off_ scores_5_7_year_olds.pdf) (29) . The categories normal, borderline and clinical so derived were used as an ordered variable.
Attrition and missingness
Women were eligible for the study if they had answered questions about their lifetime ED and had a live born child (N = 83 820). We only included the first child amongst women who had more than one child in the cohort to avoid nonindependence of observations. Data on 48 403 children and mothers were available for the analyses investigating motor, cognitive and language development, temperament and attachment in children of mothers with ED and non-ED. Data on 46 156 children and mothers were available for the analyses investigating childhood psychopathology in children of mothers with ED and non-ED.
Patterns of missingness and attrition in the sample were investigated using logistic regression prior to any analyses, using missingness as the outcome variable and socio-demographic variables (maternal age, maternal employment status, cohabituating status and parity) and maternal ED as predictors. Missingness on the outcomes under study was associated with maternal ED. Missingness on data at 18 months was also associated with higher parity, higher maternal age and lower maternal social status.
Covariates
Data on maternal age, maternal employment status, parity and birthweight were obtained from the Danish National Patient Discharge Register and Central Person Register and were included as covariates in adjusted analyses.
Data analysis
All continuous variables were examined individually to check for inconsistencies/outliers and normality using tabulations and histograms. Given the large sample (over 1000), statistically significant deviations from normality shown in common tests can be irrelevant; therefore, the data were checked for normality initially using normality tests (Kolmogorov-Smirnov test) and then using histograms (with a reference normal distribution curve). No inconsistencies or outliers were found in the final sample. The primary outcome variables investigated in the article were the following: child development, temperament, looking after the child and SDQ. Pearson or spearman correlations, depending on the distribution of the variables, were used to investigate correlations between outcome variables. The distribution of the covariates was studied according to the main predictor using chi-square, for categorical variables, and F-tests, for continuous variables, to provide a comparison between exposure groups.
Associations between maternal ED and SDQ scores were investigated using ordinal regression analyses, in which the OR represent the increase in the ordered odds of being in the abnormal (clinical), vs. borderline, vs. normal range for each subscale (and the total score). Associations between maternal ED and the outcomes at 18 months were investigated using logistic regression. All assumptions for ordinal regression analyses were met, including the proportional odds assumption, which was examined using the parallel lines test in SPSS.
All analyses were stratified by gender based on previous results highlighting differences based on gender. Initially, crude analyses were run. Additional a priori confounders (maternal age, maternal employment status, birthweight and parity) were included in adjusted models. All analyses were run using SPSS 21(SPSS Inc., Armonk, NY, USA), and a two-tailed significance level of 5% was used.
Post hoc mediation analyses. We investigated the role of temperament as a possible mediator of the associations between maternal ED and child psychopathology. Mediation was tested in SPSS following the methodology by MacKinnon and Dwyer for mediation with categorical variables (30) .
Ethical approval
The DNBC was approved by the Committee on Biomedical Research Ethics, and all women who participated in the study gave informed written consent. This study was approved by the DNBC steering committee (ref. .
Results
Socio-demographic data
Results are shown in Table 1 . Socio-demographic characteristics were studied across exposed and unexposed women. Significant differences were found for education, parity, employment status, birthweight and maternal age.
Maternal ED and development, temperament and mother-child relation at 18 months of age Development. Girls: Girls of mothers with lifetime ED were comparable to girls of non-ED women ( Table 2) .
Boys: Boys of women with lifetime AN were less likely to have delayed cognitive and language development in crude and adjusted analyses (OR = 0.75, 95% CI: 0.62-0.91) compared to boys of unexposed women ( Table 2 ).
Child temperament and mother-child relation. Girls: Women with lifetime BN were more likely to perceive their daughter as having a difficult temperament in crude and adjusted analyses (OR = 1.85, 95% CI: 1.30-2.65) compared to unexposed women ( Table 2) .
Women with lifetime ED were more likely to report difficulties looking after their daughter in crude and adjusted analyses (respectively, BN: OR = 2.07, 95% CI: 1.42-3.03; AN: OR = 1.69, 95% CI: 1.12-2.55; AN and BN: OR = 1.96, 95% CI: 1.02-3.74) compared to unexposed women ( Table 2) .
Boys: Women with lifetime AN and those with both lifetime AN and BN were more likely to perceive their son as having a difficult temperament in crude and adjusted analyses (OR = 2.33, 95% CI: 1.34-4.07) compared to unexposed women ( Table 2) .
Women with lifetime BN were more likely to report difficulties looking after their son in crude and adjusted analyses (OR = 1.71, 95% CI: 1.21-2.41) compared to unexposed women ( Table 2 ).
Maternal ED and child SDQ at 7 years
Girls: Girls of women with lifetime BN had higher odds of conduct difficulties in crude and adjusted analyses (OR = 1.41, 95% CI: 1.09-1.83) compared to girls of unexposed women ( Table 3) . Girls of women with lifetime AN had higher odds of emotional difficulties in crude and adjusted analyses (OR = 1.28, 95% CI: 1.00-1.63) compared to girls of unexposed women (Table 3) . Boys: Boys of women with lifetime BN had higher odds of having total, conduct, hyperactivity and peer difficulties in crude and adjusted analyses (respectively: OR = 1.51, 95% CI: 1.23-1.84; OR = 1.32, 95% CI: 1.05-1.66; OR = 1.33, 95% CI: 1.08-1.64; OR = 1.37, 95% CI: 1.12-1.67) when compared to boys of unexposed women ( Table 3 ). Boys of women with lifetime AN had higher odds of total, emotional and conduct difficulties in crude and adjusted analyses (respectively: OR = 1.37, 95% CI: 1.10-1.70; OR = 1.56, 95% CI: 1.23-1.98; OR = 1.32, 95% CI: 1.04-1.67) compared to boys of unexposed women ( Table 3) .
Boys of women with lifetime AN and BN had higher odds of total, emotional and peer difficulties in crude and adjusted analyses (respectively: OR = 1.91, 95% CI: 1.41-2.59; OR = 1.92, 95% CI: 1.36-2.70; OR = 1.71, 95% CI: 1.26-2.32) compared to boys of unexposed women (Table 3) .
Post hoc mediation analyses
There was a significant indirect effect of maternal lifetime BN on SDQ total, emotion, conduct, hyperactivity and peer scores mediated via child temperament (respectively: estimate = 0.16, SE = 0.01, P < 0.01; estimate = 0.24, SE = 0.01, P < 0.01; estimate = 0.08, SE = 0.01, P < 0.01; estimate = 0.07, SE = 0.01, P < 0.01 and estimate = 0.10, SE = 0.01, P < 0.01). The direct effects from maternal lifetime BN to SDQ total, conduct and hyperactivity scores were also significant (respectively: estimate = 0.05, SE = 0.01, P < 0.01; estimate = 0.29 SE = 0.10, P < 0.01 and estimate = 0.32, SE = 0.09, P < 0.01).
Child temperament also mediated the effect of maternal lifetime AN on SDQ total, emotion, conduct, hyperactivity and peer scores (indirect effects, respectively: estimate = 0.16, SE = 0.01, P < 0.01; estimate = 0.24, SE = 0.01, P < 0.01; estimate = 0.08, SE = 0.01, P < 0.01; estimate = 0.07, SE = 0.01, P < 0.01 and estimate = 0.10, SE = 0.01, P < 0.01). There were no significant direct effects.
Discussion
A recent population-based prospective study showed that maternal ED was associated with childhood psychopathology outcomes, particularly emotional disorders in early adolescence in both boys and girls. However, attrition in early adolescence means small sample sizes were achieved by this stage (31) . In the present study, we aimed to extend and replicate these findings using data from a larger population-based study and investigate the development of psychopathology at 7 years of age. Reproducibility is a defining feature of science and replication of results using different samples in different countries, with a different confounding structure can lead to increased confidence in the findings (19) . We found that children of women with eating disorders were at risk of developing psychopathology in early childhood across most domains (emotional, conduct, hyperactivity and peer difficulties) and were more likely to have a difficult temperament. We also found that women with ED were more likely to report their relationship with their child as being difficult. Boys of mothers with AN were less likely to have a delayed language and cognitive development. Mediation analyses showed that there was a significant indirect effect of maternal AN and maternal BN on psychopathology mediated via child temperament at 18 months.
Boys of women with BN had higher odds of developing psychopathology across most domains. In particular, findings that hyperactivity in boys was associated with maternal BN are consistent with our previous study (12) . One possibility for this is that BN and attention deficit and hyperactivity (ADHD) disorder share several key features. Studies have shown that individuals with a diagnosis of ADHD are at greater risk of developing an ED (32) (33) (34) , and this association is particularly true for BN/binge eating (35) . However, in our study, this was only significant for boys. A possible explanation for this finding could be due to the gender distribution of hyperactivity and attention difficulties, which have been found to be more common in boys. An alternative explanation is that mothers might be more likely to report these difficulties selectively by gender. Despite possible explanations for the selectivity of results, the findings partly underscore the well-replicated association between hyperactivity/inattention and BN (36, 37) .
Both girls and boys of women with AN had higher odds of having emotional problems. These results are consistent with previous research which highlighting the association between AN and emotional/anxiety disorders (38, 39) and are consistent with our results from the ALSPAC study in different age groups (12, 31) . Significant comorbidity for major depression in family probands and monozygotic twins has been found in past studies, supporting the hypothesis of a shared genetic transmission between ED and anxiety disorders. However, as with the association between hyperactivity/inattention, further research is needed to discern whether the association is due to shared genes or might indicate an intermediate phenotype for AN. Another interesting finding relates to peer difficulties in this sample. Results showed that boys of women with a lifetime history of BN (both those who reported BN only and AN+BN) have more peer problems when compared to children of healthy women. The questions in the SDQ that load to the peer problems reflect problems engaging and communicating with other children, which could be a reflection of social communication problems. We have previously shown that children at risk for BN had difficulties in recognizing emotions and had worse social communication (40) compared to controls. These results might point to a possible overlap between BN and social communication difficulties.
Although the literature on maternal ED and mother-child relationship is scant, the results observed in this study replicate and extend past research. An early study (41) found that the conflict between the demands of motherhood and those of the ED created tension in the relation between mother and child. We also found that mothers with ED tended to report their children as having a more difficult temperament. However, because the present study used maternal report rather than direct observational measures for mother-child relation and child temperament, the nature of the associations remains unclear. One possible explanation is that children of mothers with ED are objectively more difficult than those of healthy control mothers; however, we cannot discard the possibility that mothers with ED may perceive their child as being more difficult. However, even if these difficulties are in 'the eye of the beholder', mothers' perception is likely to impact on their own sense of being a mother (42) and is likely to negatively impact on the child's later development.
We found that boys of women with AN had lower odds of having delayed cognitive and language development. A recent meta-analysis found that patients with AN score higher on the National Adult Reading Test and the Wechsler Intelligence Scales (43) . These results are consistent with previous findings from our study in children of mothers with AN (14); however, these were not stratified by gender, and therefore, we do not know whether this was true for both girls and boys. Further clarification is needed to understand gender differences in the neuropsychological profile of children at high risk for ED. In this study, we did not replicate the association between maternal eating disorder and motor development. This might be due to the latter study using an objective measure of development rather than the maternally reported one used in the current study.
Our mediation analyses suggest some differences in mediation pathways across maternal diagnosis; for example, whilst child temperament partially mediated the effect of BN on child psychopathology (pointing to a potential shared genetic and environmental effect), for maternal AN, there was no direct effect of the ED on child psychopathology, and the relationship was fully mediated by child temperament. These results should be examined with caution as all measures are obtained via maternal report and could therefore be biased. Important next steps needed are for research to test theories of possible disorder specific pathways to risk, including accounting for possible child moderators.
Strengths and limitations
The main strengths of this study are the large sample size, the prospective data collection and the availability of register-based information on sociodemographic data. This is the largest study investigating maternal ED and the effect of childhood psychopathology to date.
Limitations have to be taken into account: firstly, the information on maternal ED was obtained from self-report during interviews. However, a recent study validated self-reported ED in a similar population-based sample of pregnant women with very good sensitivity and specificity of self-reported AN and BN (44) . Furthermore, there is evidence from past research that self-report measures might be as reliable, as other, more frequently, used measures (45) . Another important limitation is that data on the children were obtained from mothers (shared method variance). The variables on child temperament and difficulties looking after the child were based on questionnaires designed for DNBC and have therefore not been validated. We found evidence of selective attrition amongst women with ED; therefore, generalizability of this study might be affected. It is difficult to know whether the selective attrition might be reflective of more severely ill mothers being lost to follow-up or whether children with lower levels of psychopathology might be lost to follow-up, therefore whether results are biased towards the null or not. However, in a previous similar study (13) , children with higher psychopathology were more likely to be lost to followup therefore suggesting that OR might be biased towards the null. This means that we may be underestimating the effect found in our study if we expect more severely ill mothers to be lost to the study. The present study had several comparison; however, there were only four primary outcomes and three groups that are compared to a reference group; therefore, less than one result would be due to chance. To conclude, this study has important research implications for our understanding of shared diathesis for psychopathology and ED; however, there are limitations to the results, the main one being that all measures were obtained via maternal reports. Further studies are needed to better understand the shared diathesis for psychopathology and ED. Importantly, these studies should include more objective measures of psychopathology. At risk, studies have the potential to provide important information about intermediate phenotypes.
Further investigation of specific risk pathways and mechanisms in the intergenerational transmission of psychopathology in children of parents with ED is needed. Studies focusing on children at risk and on understanding risk mechanisms will be indispensable for developing early intervention programs as well as prevention strategies and to improve our understanding of ED and their pathophysiology.
